Although different injection locations for retrolaminar and erector spinae plane blocks have been described, the two procedures have a similar anatomical basis. In this cadaveric study we compared anatomical spread of dye in the thoracic region following these two procedures. Following randomisation, 10 retrolaminar blocks and 10 erector spinae plane blocks were performed on the left or right sides of 10 unembalmed cadavers. For each block, 20 ml of dye solution was injected at the T5 level. The back regions were dissected and the involvement of the thoracic spinal nerve was also investigated. Twenty blocks were successfully completed. A consistent vertical spread, with deep staining between the posterior surface of the vertebral laminae and the overlaying transversospinalis muscle was observed in all retrolaminar blocks. Moreover, most retrolaminar blocks were predominantly associated with fascial spreading in the intrinsic back muscles. With an erector spinae plane block, dye spread in a more lateral pattern than with retrolaminar block, and fascial spreading in the back muscles was also observed. The number of stained thoracic spinal nerves was greater with erector spinae plane blocks than with retrolaminar blocks; median 2.0 and 3.5, respectively. Regardless of technique, the main route of dye spread was through the superior costotransverse ligament to the ipsilateral paravertebral space. Although erector spinae plane blocks were associated with a slightly larger number of stained thoracic spinal nerves than retrolaminar blocks, both techniques were consistently associated with posterior spread of dye and with limited spread to the paravertebral space.
Introduction
A conventional thoracic paravertebral block directly targets the paravertebral space that contains the spinal nerves, and it is a well-established technique for peri-operative analgesia in patients undergoing various thoracic surgeries [1, 2] . It is also used for pain management in patients with chronic neuropathic pain in the thoracic wall [1, 2] .
Although this procedure is frequently used, there remains a potential risk of pneumothorax or unintentional neuraxial injection when performed either with or without ultrasound guidance [3, 4] . Recently, more superficial needle placement techniques such as retrolaminar block [5] [6] [7] [8] , erector spinae plane (ESP) block [9] [10] [11] [12] [13] , midpoint transverse process to pleura (MTP) block [14] and intercostal/ paraspinal block [15] have been utilised as alternatives to conventional thoracic paravertebral blocks. These more superficial blocks do not approach the pleura, and thus avoid one of the major risks of conventional paravertebral block.
The target injection point for retrolaminar block is the posterior surface of the vertebral lamina [5, 6] . The ESP block targets the fascial plane deep to erector spinae muscle at the tip of the transverse process, which is more laterally located than the target point of the retrolaminar block [9] . Although the injection locations for these two techniques differ, anatomical similarities exist because the anterior fascia of the erector spinae muscle group adheres to both the lamina and the transverse process [16, 17] .
However, injectate spread patterns and the mechanism of spinal nerve blockade with both techniques have not been investigated. It is also unclear which regional technique should be preferred as a substitute for conventional thoracic paravertebral block. Anatomical evidence may be crucial to help us understand the nature of these blocks.
This study was undertaken to investigate patterns of dye spread in the mid-thoracic region of unembalmed cadavers following ultrasound-guided retrolaminar and ESP blocks. The actual path of injectate spread was determined by noting the anatomical distribution of the dye pattern within the cadaver. Ultimately, we sought to determine the specific mechanism by which these two techniques achieve their analgesic effects.
Methods
The Institutional Review Board approved the study for exemption from formal review. All cadavers used in the present study were legally donated to the Surgical Anatomy Education Centre at Yonsei University College of Medicine (YSAEC). Ten retrolaminar blocks and 10 ESP blocks were conducted on 10 unembalmed cadavers that were independently chosen by the scientific staff of the YSAEC.
Each cadaver had one retrolaminar and one ESP block, and the choice of which side was used for which block was made randomly.
All cadavers were placed in the prone position, and blocks were performed by a single, experienced anaesthetist specialised in regional anaesthesia and pain medicine. A TE7 ultrasound unit (Mindray Bio-Medical Electronics, Shenzhen, China), with a high-frequency linear probe (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) , and an 80 mm, 22-gauge needle were used for every cadaver. The needle was attached to an extension tube and connected to a syringe containing a 20.0-ml mixture of 18.0 ml distilled water, 1.5 ml latex solution and 0.5 ml green coloured ink. This composition of injectate was similar to that used in a previous cadaver study [18] and was verified by a comparative pilot test using several compositions of dye solution in our anatomy lab.
This solution has a somewhat higher viscosity than an actual local anaesthetic, and was used in order to avoid excessive or false spreading, even if minimal unintended disruption of anatomical structures occurred during the extensive dissection procedure.
For all blocks, pre-scanning using both the transverse and longitudinal views was performed to identify bony structures, including spinous processes, laminae, transverse processes, ribs and muscle layers, including the trapezius, rhomboid, and erector spinae muscle at the T5 spine level.
For each injection, the probe was positioned longitudinally and the structures were visualised in the sagittal plane. For the retrolaminar block (Fig. 1a) , an in-plane technique under real-time ultrasound guidance was used to advance the needle towards the posterior surface of the T5 lamina in a cephalic to caudal direction until contact with the lamina was made [5, 6] . After confirming contact, correct spread was verified by injecting 1.0-2.0 ml of saline to create a plane of hypo-echoic space on the posterior surface of the T5 lamina. For the ESP block (Fig. 1b) , the same in-plane technique with ultrasound guidance was used to advance the needle towards the tip of the T5 transverse process in a cephalic to caudal direction until contact was made with the transverse process [9] . (Fig. 2a) , whereas the dye spread more laterally in ESP injections (Fig. 2b) . In one retrolaminar case, the dye leaked between the iliocostalis and the longissimus muscles, and it spread more laterally than it did in the ESP injection.
After removing muscle fibres medial to the intertransverse ligament, extensive spreading of dye was observed among the transversospinalis muscle fibres in all retrolaminar injections. In nine retrolaminar injections (90%), the extent of dye spread was limited medially to the intertransverse ligaments. In seven ESP injections (70%) the dye spread laterally over the intertransverse ligaments. In all cases (regardless of technique) the dye spread on the external fasciae of the external intercostal muscle. No dye penetrated the external intercostal muscle, and thus no dye was seen at the space between the external and internal intercostal muscles or between the internal and innermost intercostal muscles (Fig. 3a) . At the retrolaminar plane beneath the transversospinalis muscles, a distinct vertical spread of dye was seen in all retrolaminar injections (Fig. 2c) . Conversely, following ESP injection dye spreading in this plane was rare and limited in range (20%). The dye spread on the external surface of the LCTL and SCTL with both techniques. However, no dye was observed within the LCTL at any level, and the dye was mostly within the SCTL at the T4-T6 levels with both techniques (Fig. 3a) .
After removal of the SCTL, the dye was observed to have spread into the paravertebral space, and spinal nerve involvement was observed mostly at the T4-T6 levels in both techniques (Fig. 3b) . Cephalic spread to the T3 neural clear spreading of dye into the costotransverse foramen with either technique. In one case each of retrolaminar and ESP block, sympathetic ganglion involvement was observed, but this was limited to the T5 injection site level for both techniques (Fig. 3b) .
Discussion
Three major findings were noted in this study. Diffusion of an injectate into the paravertebral space may be crucial to achieve an adequate anaesthetic effect for the thoracic wall. Anatomically, the paravertebral space can be accessed through the costotransverse joint, the zygapophyseal joint capsule, the SCTL and a through a plane between the parietal pleura and the internal intercostal membrane [1, 2] . In the present study, dye was which originates from the tubercle of the rib and extends to the posterior aspect of the transverse process [22] .
Interestingly, the arrangement and composition of the SCTL varies according to its vertical position. The PCTL is well developed at the T7-T10 levels, but is absent or Figure 4 Comparison of the number of stained thoracic spinal nerves according to spinal level between the retrolaminar (■) and ESP block (□).
rudimentary at the T1-T6 levels [22] . It seems to be more difficult for the injectate to flow into the paravertebral space via the SCTL at the T7-T10 levels, whereas the SCTL above the T6 level is rather permeable to infiltration. Moreover, the tissue compartment pressure at levels adjacent to the injection site may decrease gradually as distance from the injection site increases. In addition to the loss of injectate in the posterior back, anatomic differences in the SCTL at lower thoracic levels might contribute to the limited range of paravertebral space infiltration with both techniques. In this respect, it is worth noting that the MTP block (which directly targets anatomy posterior to the SCTL) results in a more extensive paravertebral spread with sympathetic chain involvement [14] .
Because the spinous process, lamina and zyga- This study has some limitations. This is a cadaveric study, and changes in tissue integrity could have affected diffusion of the injectate. Both retrolaminar and ESP blocks are usually performed in the sitting or lateral position [5] [6] [7] [8] [9] [10] [11] [12] ; the dimensions of the SCTL and intercostal space in the sitting or lateral position with the thoracic spine flexed might be somewhat different from the prone position [24] . Also, in living subjects, the dimensional change in the SCTL during inspiration and expiration can lead to delayed injectate diffusion to the paravertebral space. Although sympathetic ganglion involvement was rarely observed in this study, delayed diffusion to the deep paravertebral space via the endothoracic fascia cannot be excluded in living subjects [25] .
In conclusion, both retrolaminar and ESP blocks were consistently associated with the posterior spread of injectate to the back muscles and fascial layers. Regardless of technique, the main route of dye spread was through the SCTL to the affected paravertebral space. The ESP block appears to be slightly more favourable for thoracic spinal nerve blockade than the retrolaminar block in the mid-thoracic region, but a clinical comparison is needed to confirm the significance of these results.
